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ABSTRACT: During the last years, geomatic techniques have been crecently applied to many aspects related to construction engineering field. The application of 
geomatics in this field arises from the necessity of using real and accurate geometry in several phases of the construction process, as well as due to the advantages of using 
remote and non-destructive methods, that allows, among others, to reduce risks during measurement processes for as-built structures, reducing costs during surveys, and 
most importantly, reducing costs through automation. The TF1-Close Range Remote Sensing and Photogrammetry Group- is a research team at the University of Vigo 
(Spain) that has developed and tested several terrestrial geomatic techniques in different fields related to construction engineering. After applying these techniques for a 
decade, it has been demonstrated that such geomatic methods have significantly benefit the procedures for documentation, inspection works, and also, successfully solved 
some of the limitations of registration of certain parameters that are essential for the stability of structures. This paper presents a compilation of works where terrestrial 
photogrammetry, laser scanning, ground penetrating radar and infrared thermography are applied to situations or activities related to the processes of construction.
KEYWORDS: Construction, GPR, terrestrial photogrammetry, laser scanner, infrared thermography
RESUMEN: Durante los últimos años, las técnicas geomáticas se han aplicado de forma creciente a muchos aspectos relacionados con la ingeniería de la 
construcción. La aplicación de estas técnicas en este ámbito viene motivado por la necesidad de usar geometría real y de precisión in varias fases del proceso 
constructivo, así como por las ventajas derivadas del empleo de técnicas no destructivas, que permiten, entre otros, reducir riesgos durante el proceso de 
medición de estructuras construídas, reducir costes durante los trabajos de adquisición de datos en campo, y principalmente, reducir costes a través de la 
automatización de los procesos. El grupo de investigación TF1- Fotogrametría y Teledetección Cercanas- es un equipo de investigadores de la Universidad de 
Vigo (España) que ha desarrollado y validado varias técnicas de medición geomática en el ámbito terrestre a diferentes campos relacionados con la ingeniería 
de construcción. Después de aplicar estas técnicas durante una década, se ha demostrado que dichas técnicas han beneficiado de forma significativa los 
procedimientos de documentación, trabajos de inspección, y además, han resuelto con éxito algunas de las principales limitaciones en cuanto al registro de 
ciertos parámetros esenciales en la evaluación de la estabilidad de las estructuras. Este artículo presenta una compilación de trabajos donde la fotogrametría y 
el laser scanner terrestres, georradar y la termografía infrarroja son aplicados a situaciones o actividades relacionados con procesos contructivos.
PALABRAS CLAVE: Construcción, georadar, fotogrametría terrestre, laser escáner, termografía infrarrojaLorenzo et al 130
1.  INTRODUCTION
The TF1-Close Range Remote Sensing and Photogrammetry 
Group is a research team at the University of Vigo that 
develops, tests and applies terrestrial geomatic techniques, 
such as photogrammetry and laser scanning, for the 
accurate geometric reconstruction of objects and ground 
penetrating radar and infrared thermography for the remote 
and non-destructive estimation of material properties. 
The group began its research activity in 2002 with 
projects related to the fields of archaeology and 
construction engineering, and its scope broadened over 
time, implementing its technologies into environmental 
management, forensics, shipbuilding and other 
fields. TF1 research has applied most directly to civil 
engineering, for which the team received national 
funding for several research proposals that brought its 
total budget above 4 million euros.
The application of geomatics in construction engineering 
arises from the necessity of using real geometry in 
several phases of the construction process. Geomatics 
is also useful in the optimisation of measurement 
processes for as-built structures to reduce costs and 
risks during the construction layout, and it is useful 
in infrastructure inspection because it is possible to 
monitor many geometric parameters at a high level 
of accuracy with reverse engineering, determine 
the radiometric characteristics of elements and, 
most importantly, significantly reduce costs through 
automation. Considering these advantages, the TF1 team 
focused its interests on technologies such as ground 
penetrating radar, terrestrial photogrammetry and laser 
scanning, and, more recently, infrared thermography.
The use of ground penetrating radar (GPR) in civil 
engineering applications began to appear in the mid-
1970s and the 1980s [1]. Some of its main applications 
in engineering investigations include NDT services 
such as road and concrete evaluations and bridge 
inspections, masonry structure investigations, utilities 
and void detections [2-3].
Terrestrial photogrammetry is frequently used as a 
documentation tool in archaeology and architecture 
[4] and an accurate measurement tool in industrial 
applications [5]. Recently, civil engineers have 
started using photogrammetry, but it is not a common 
technique. However, some projects have used 
photogrammetry to measure structural elements [6-8].
Laser scanning techniques are acquiring more and 
more popularity as tools for metric documentation in 
several fields. This trend is partially motivated by the 
techniques’ high metric accuracy and their potential 
as a method for the massive and automatic acquisition 
of information. This tool is currently being used in 
the measurement and monitoring of civil engineering 
structures such as modern structures [9-10], tunnels 
[11] and high dams [12-13].
Thermography recently came into use as a geomatic 
inspection tool for building inspection. Infrared 
thermography has proved to be adequate in measuring 
surface temperatures, allowing the detection of defects 
both directly (as in the discovery of air leaks, heat 
losses, and even structural defects such as cracks) and 
indirectly (for the detection of dampness) [14-16]. 
The University of Vigo has purchased some of its most 
innovative equipment  for TF1’s research projects and 
developed technologies to keep up with the evolution of 
the market in geomatic technology. The first equipment 
purchased was related to photographic metric and semi-
metric cameras in combination with photogrammetric 
workstations. A complete GPR system from Mala 
Geosciences (with antennas of several frequencies) 
was also acquired in the early days of the group’s 
activity. Later, when laser scanning appeared on the 
market, a terrestrial RIEGL LMS-Z309i laser system 
was purchased to perform automated surveys for 
structural reconstruction. This technology has evolved 
significantly in the last decade, so a mobile-based 
laser scanner integrated in an Optech Lynx system 
was purchased in 2011 to meet the group’s newer 
research needs. Several thermographic cameras were 
also acquired.
This paper presents a review of the research 
developed by the Close Range Remote Sensing and 
Photogrammetry Group at the University of Vigo 
related to the field of construction engineering. This 
research was based on the application of several 
terrestrial non-destructive geomatic techniques, such 
as ground penetrating radar, photogrammetry, laser 
scanning and thermography, to different structures and 
research needs. Some of the techniques focused on the Dyna, Edición Especial, 2012 131
reconstruction of highly accurate structural geometry 
with the goal of implementation in the structural 
analysis of construction projects. Others were oriented 
on the estimation of shallow properties of materials or 
deeper internal properties of constitutive materials in 
structures. Descriptions of the techniques’ fundamental 
principles are presented, followed by a selection of 
case studies.
2.  PRINCIPLES OF THE TERRESTRIAL 
GEOMATIC TECHNIQUES APPLIED BY 
THE TF1 RESEARCH GROUP 
The Close Range Remote Sensing and Photogrammetry 
Group at the University of Vigo focused its research on 
terrestrial work, beginning with applications of close 
range photogrammetry and ground penetrating radar 
to historic bridges. Later, terrestrial laser scanning was 
incorporated as a surveying technique in construction 
and provided source information to perform structural 
evaluations of historic bridges combined with 
previously studied geomatic methods. 3D modelling 
was simultaneously performed with this technique in 
architecture, archaeology, industrial and infrastructural 
inspection, indoor mapping, and other fields. In 2008, 
infrared thermography was introduced for use as a 
new way of determining the shallow properties of 
materials. The most recent technology integrated into 
the group’s research interests is mobile-based laser 
scanning. Although the physical principles of ranging 
measurement are the same as those of terrestrial laser 
scanning (static), the generation of 3D geometric point 
clouds significantly differs from the static mode. The 
fundamental principles of the geomatic techniques 
mentioned thus far are summarised in the following 
sections.
2.1.  Ground penetrating radar 
Ground Penetrating Radar (GPR) is a geophysical, 
close-range remote sensing prospecting method 
based on the propagation of very short time domain 
electromagnetic pulses (1-20 ns) in the frequency 
bands of 10 MHz to 2.5 GHz. The principles of GPR 
operation are based on the ability of radar waves to 
penetrate into a non-conductive medium, usually 
subsoil, but also walls, concrete or wood, from the first 
few centimetres to several metres deep depending on 
the signal frequency and electromagnetic properties 
of the medium. A low-frequency antenna gives deeper 
signal penetration but poorer resolution, and a higher 
frequency antenna gives better resolution but shallower 
penetration. The radar waves are detected after being 
diminished by a reflection in the electromagnetic 
discontinuities of the propagation medium. The 
characteristics of the received signal depend on the 
electromagnetic properties of the materials, which 
depend on the type of matter in the medium and its 
physical properties (mainly water content and porosity). 
A radar system consists of four main parts: transmitting 
and receiving antennae, a control unit and a portable 
computer unit. Using the GPR method, a transmitting 
antenna emits an electromagnetic pulse into the ground 
that is partly reflected when it encounters media with 
different dielectric properties and partly transmitted 
into deeper layers. The possibility of detecting deeper 
targets is greater when there is higher contrast between 
the electromagnetic properties of the medium under 
study and the surrounding medium. The reflected 
signal is then recorded by a receiving antenna, which 
is housed in either a separate antenna box or the 
transmitter’s box. By moving the antenna over the 
ground, an image of the shallow subsurface under the 
displacement line is obtained. These two-dimensional 
(2D) images, called radargrams, are XZ graphic 
representations of the reflections detected. The X axis 
represents the antenna displacement along the survey 
line, and the Z axis represents the two-way travel time 
of the pulse emitted (in nanoseconds). The position 
of the reflector can be determined if the time for the 
electromagnetic pulse to move from the transmitting 
antenna to the reflector into the ground and back to the 
receiving antenna is measured and if the velocity of 
this pulse in the subsurface medium is known. More 
details on the theory of GPR have been published 
previously [17-18].
2.2.  Terrestrial photogrammetry
Photogrammetry has been defined by the American 
Society for Photogrammetry and Remote Sensing as 
the art, science, and technology of obtaining reliable 
information about physical objects and the environment 
through processes of recording, measuring, and 
interpreting photographic images and patterns of 
electromagnetic radiation [19]. Photogrammetry is 
considered a passive remote sensing method because it Lorenzo et al 132
does not need to produce the electromagnetic radiation 
that is impressed on the photographs or images. The 
results are analytically [20] obtained with the solution 
of two main steps: 
- Interior orientation. Photogrammetrists define 
interior orientation as the process of reconstructing 
the perspective systems formed by the camera when 
images are impressed. It is assessed when the camera 
is geometrically calibrated so the internal geometrics of 
the camera are known. The essential parameters to be 
estimated are the principal point position and principal 
distance (which define the spatial position of the 
perspective centre), as well as the sensor dimensions. 
In real camera systems, there usually appear to be 
distortions that lead to deviations from the central 
perspective model, where the radial distortion function 
plays an important role. The symmetric radial distortion 
is defined as the radial displacement of an off-axis target 
either closer to or farther from the principal point. It 
is the greatest source of error in imaging systems in 
most cameras, and several mathematical approaches 
have been presented for its modelling [21-22]. These 
parameters are usually calculated using camera 
calibration procedures.
- External orientation (relative and absolute 
orientations). External orientation consists of locating 
the perspective centre of each bundle of rays in the 
global position of cameras at the moment of exposure. 
This process consists mathematically of six parameters 
that describe the spatial position, (X, Y, Z) coordinates 
and the orientation of axes (ω, φ, κ). These parameters 
can be computed with the collinearity condition, which 
establishes that the camera perspective centre O, a 
point in the image (x, y), and the spatial position of 
this point in 3D space (X, Y, Z) all lie on a straight 
line. Currently, most photogrammetric software uses 
the method of bundle adjustment because it has been 
demonstrated to be the most precise method. The image 
coordinates of tie points (common points between 
images) and the spatial coordinates of points on the 
object surface (control points) are used to compute the 
external orientation of perspective bundles so that the 
rays intersect corresponding rays at the tie points and 
pass through the control points as closely as possible. 
At this point, the 3D coordinates of object points are 
reconstructed.
2.3.  Laser scanning
From a geomatic perspective, laser scanning is an 
active remote sensing method that emits and registers 
backscattered energy being reflected by an object’s 
surfaces. Laser beams can be emitted with different 
wavelengths in the electromagnetic spectrum. 
According to [23], terrestrial laser scanners (TLS) 
collect 3D coordinates of a given region of an object’s 
surface automatically in a systematic pattern at a high 
rate. The results are achieved in (near) real time.
The laser scanning system consists of a method to collect 
data, a laser scanner (hardware) that contains the system 
for distance measurement based on electromagnetic 
distance measurement methods and a system for 
scanning by mirror. The laser scanner measures its 
surroundings using LiDAR to obtain range and angle 
measurements. Current laser scanning systems mainly 
use two techniques for range measurements: time-of-
flight and phase shift. A time-of-flight (TOF) scanner 
sends a short laser pulse to the target, and the time 
difference between the emitted and received pulses is 
used to determine the range. This instrument must be 
used in combination with a data manipulation method 
(software). The deliverable of this technique is currently 
a “point cloud” that normally requires subsequent 
processing to obtain meshed models, CAD models, 
volume estimations, or line drawings. Terrestrial laser 
scanners traditionally work in static mode, meaning 
that the instrument registers geometric information 
on individual points centred in a spherical coordinate 
system. Aerial laser scanning and modern mobile-based 
laser scanners reconstruct the position of points based 
on a cylindrical coordinate system.
- Terrestrial laser scanning (static mode). Field work 
with terrestrial laser scanners consists of point cloud 
acquisition from different points of view due to the 
shadow areas produced by complex shapes. The scanning 
methodology generally has three main steps: 1) a low 
resolution scan to collect points in the entire field of 
view and identify control points (which are subsequently 
scanned with high resolution); 2) high resolution scans 
performed to collect point clouds that describe the 
object or structure with maximum detail; and 3) image 
acquisition to register RGB information that is then used 
for the incorporation of colour at each point. After data 
acquisition, it is normally necessary to merge the point Dyna, Edición Especial, 2012 133
clouds into a common coordinate system. Once the global 
point cloud is obtained, cleaning and filtering operations 
are performed to delete noisy points and homogenise 
the density of the point cloud. It is possible to assign 
colours to the point cloud from the images acquired with 
the digital camera so that each point has three spatial 
coordinates (X, Y, Z), an attribute of intensity and RGB 
values. Flat triangulation is applied to create a 2D mesh 
model of the object, a 2D Delaunay [24]. A photorealistic 
3D surface model is then created in combination with the 
textural information.
- Mobile-based systems. Mobile-based mapping is an 
alternative way to capture 3D point clouds by laser 
scanning. These systems use positioning and attitude 
inertial navigation systems (INS) in combination with 
LiDAR systems for range measurements and digital 
cameras for imaging [25 - 28].
There are three types of vehicle-oriented position sensors 
capable of determining the position of a mobile vehicle: 
1) satellite positioning with global navigation satellite 
systems (GNSS); 2) inertial navigation using an inertial 
measuring unit (IMU); and 3) distance measurement 
indicators (DMI). These systems are used to determine 
the absolute location of the mobile mapping platform with 
respect to a global coordinate system such as WGS-84.
GNSS is the basic component of a land positioning 
system and can provide accuracy within centimetres, 
but it is virtually impossible to maintain a GNSS signal 
throughout an entire mobile survey because of multipath 
effects and periods of GNSS outage (due to tunnels, high 
buildings, road slopes, and tree canopies). This limitation 
often leads to the combination of GNSS with inertial 
measurement units (IMU). The dead reckoning (DR) 
process, in which new positions are calculated solely from 
previous positions, cannot be used over extended periods 
of time because the errors in the computed estimates 
increase continuously. These errors arise from the noise 
and biases present in inertial measurements, so current 
ground-based mobile LiDAR systems employ IMUs 
that rely on GNSS to receive periodic corrections. Most 
GNSS/IMU systems used in mobile LiDAR systems 
are supported by a distance measuring instrument 
(DMI), which is a cost-effective and reliable device for 
collecting and transmitting rotational data that is typically 
processed into speed, distance, and position. In most 
cases, a Kalman filtering algorithm is used for the optimal 
combination of the GNSS/IMU/DMI measurements in 
an on-board position and orientation system (POS). The 
POS accomplishes this task by taking the time-stamped 
vehicle location information from the GNSS satellites, 
the information about the vehicle orientation in space 
from the internally mounted IMU and the distance 
measurement from the DMI.
The procedure for calculating the best estimate trajectory 
(BET) of the vehicle includes 5-minute static GNSS 
logging at the beginning and end of a survey to obtain 
accurate GNSS data. The trajectory is then used to create 
a geo-referenced point cloud using the laser scanning 
data. Mobile laser scanners operate in 2D profile mode, 
with their horizontal angular movement disabled. The 
third dimension of the captured profile data is obtained 
from the forward movement of the vehicle platform on 
which the 2D laser scanner is mounted.
2.4.  Infrared Thermography
Infrared thermography is the practice of producing 
an image from the infrared light emitted by bodies, 
which radiate energy as a function of their temperature 
[29]. This radiation belongs to the infrared band of 
the electromagnetic spectrum, which has wavelengths 
between 7 and 15 µm. Thermographic cameras have 
sensors that capture the thermal radiation emitted or 
reflected by an object and generate an image in which 
each pixel is assigned a digital value proportional to 
the received radiation. 
This measurement is performed in a non-invasive manner 
(no contact or destruction), which allows thermography to 
be widely used for new and historic building inspections 
[15], linear structures [30], and electric and mechanical 
maintenance [31], among other uses.
The main advantage of thermography in building 
inspection is that the measurement is carried out 
in a continuous way, avoiding the need to measure 
hundreds of points with a contact thermometer [32] 
and consequently reducing working time.
Furthermore, the registration of thermographies with 
the geometric data captured, for example, with a laser 
scanner, leads to the spatial localisation of thermal 
defects. This precision allows for the placement of the 
detected thermal bridges and thermal anomalies in their Lorenzo et al 134
exact positions within the building walls. Thermography’s 
wide range of possible applications has led to increased 
research in 3D modelling with thermographic images by 
applying photogrammetry techniques to the images alone 
[33], by fusing them with visible images [33-34] and by 
fusing them with a laser scanning point cloud [35]. All 
these techniques require the geometrical calibration of 
the thermographic camera, following the principles of 
photogrammetry according to Luhmann et al. [33]. 
3.  EXAMPLES OF GEOMATICS APPLICATIONS 
IN CONSTRUCTION  ENGINEERING 
3.1.  GPR in historic masonry bridges
Historic bridges are an integral part of a region’s 
traditional architectural heritage, and they are the oldest 
structures still in use in transportation infrastructure. 
Their materials degrade from ageing and strong loads, 
and they can suffer from a number of different types of 
damage or even failure [36].These ancient structures 
require special attention because many of them have 
lost their original utility and now perform different 
functions that often require them to support special 
tension conditions. Therefore, constant diagnosis of 
their structure is necessary using methods that will not 
change the historic character of the structure.
Our group performed an intensive GPR study focused on 
the evaluation of historic masonry arch bridges using GPR 
over the last five years. Thirty-six masonry arch bridges 
with sufficient monumental and artistic value and technical 
interest were surveyed in the Galician territory (northwest 
Spain) to analyse the most relevant information regarding 
their structural analysis and characterisation and to 
develop synergies for creating or improving the processes 
and services related to the evaluation, rehabilitation and 
maintenance of these ageing structures.
The GPR surveys were performed with a RAMAC/
GPR system from MALÅ Geoscience, and the GPR 
antennas mostly had central frequencies of 250 and 500 
MHz. These antennas were selected as the most suitable 
for this work because their optimal compromise 
between penetration and resolution at these frequencies 
allows for an effective analysis of the whole structure. 
More details about the acquisition procedure commonly 
used for surveying, as well as the processes used to 
filter the electromagnetic signal once it is registered, 
are described in  [37]. Advanced FDTD modelling was 
required in most cases to assist in the interpretation of 
the field data because the analysis and interpretation 
of real data are often complicated in heterogeneous 
environments, such as masonry structures [2].
The radar wave response was widely characterised, and 
the technique made it possible to provide information 
from historical, archaeological and civil-structural points 
of view. Relevant information was obtained that could 
influence the structural behaviour of the structures, 
including evidence of restoration and reconstruction 
tasks in both the arches and the pathways of some bridges 
based on the existence of different building materials, 
such as reinforced concrete [38], as well as the presence 
of hidden structural details such as arches and voids [39], 
and, in one case, the remains of a different historic bridge 
shape [38]. The detection of structural reinforcement 
elements and ring-stone thickness [40] were noted; 
sometimes, information about the nature of the bridge 
foundations was also noted.
3.2.  Defining ring-stone thickness in masonry vaults 
with an integral approach.
One of the most important parameters required by structural 
engineers when designing masonry is the arch thickness 
at the central portions of the vaults. In fact, ring-stone 
thickness is an essential parameter in stability computations, 
but conventional geomatic methods do not allow for the 
measurement of this parameter in non-visible areas.   
Our solution for the estimation of this critical parameter 
consisted of creating integral 3D models by integrating 
photogrammetric 3D models of a vault’s visible faces and 
information about a voussoir’s thickness at the central part 
of a vault measured with ground penetrating radar.
The main steps of the proposed methodology are 
described below:
The global bridge geometry and each individual arch 
were defined in detail. A network of convergent images 
was designed for data acquisition. In such a configuration, 
masonry blocks’ positions are registered from different 
points of view with optimum convergent angles of 90º 
between cameras and the object’s points so that the field 
of view and the accuracy of the model are optimised. The 
orientation of photographs is achieved after identifying 
and transferring a minimum number of common points Dyna, Edición Especial, 2012 135
between homologous images. Those points may be natural 
marks or artificial targets for the orientation of models, 
but in the present method, a number of organised control 
points were placed on the intrados surface of the vault 
to fix the trajectory of the antennas during GPR data 
acquisition. In this way, the trajectory (and subsequent 
GPR profiles perpendicular to the intrados surface) could 
be registered with the global 3D model generated with 
photogrammetry in the same coordinate system.
GPR produces an overall qualitative internal image and 
provides a higher penetration depth than optical methods. 
Data were collected around the internal surface of the arch 
vault (intrados) using 800 MHz antennas. The depth of 
penetration with an 800 MHz antenna is only 3 meters, but 
it provides much higher spatial resolution (approximately 
4.5 cm) than other antennas with higher depth or penetration. 
Spatial resolution is the most important parameter to consider 
for the correct estimation of a voussoir’s thickness. Several 
parallel profiles were gathered in the direction longitudinal 
to the bridge structure through the entire vault’s intrados 
surface. The 800 MHz profiles were made using a 1 cm trace-
interval with a 54 ns time window and 554 samples per trace, 
and an odometer wheel was attached to the antenna so the 
profile length could be measured. By taking into account the 
irregularities of the masonry fabric, this length was corrected 
with the coordinates of the control points that defined the 
GPR trajectory. The collected radargrams were consequently 
corrected for topography by considering the precise arch 
geometry provided by the photogrammetric methods. Figure 
1 shows a processed radargram (after topographic correction) 
where the interface between voussoirs and the next material 
layer is clearly identified.
Figure 1. Processed radargram of the first arch of 
Cernadela Bridge (Spain).
The integral model of the same vault in the Cernadela 
Bridge is shown in Figure 2. The visible contours in this 
figure were accurately measured with photogrammetry, 
and the profiles of arch thickness were estimated after 
processing the GPR data.
 
Figure 2. 3D model of a vault of the Cernadela Bridge 
(Spain)
This method made it possible to identify a smaller 
thickness at the central parts of the vault (compared with 
the vault ends) so that the structural analysis could be 
more accurately and, above all, more safely performed.
3.3.  Geometric modelling of masonry bridges for 
structural stability analysis
This research shows the potential for 3D photogrammetric 
models to be implemented in more sophisticated analyses 
involving numerical methods such as finite element-based 
modelling. The use of this accurate geometry made it 
was possible to characterise the geometric properties 
of masonry arches that, together with the mechanical 
properties of masonry, were used to perform complex but 
realistic stability analyses of these structures.
This methodology was based on the creation of a 
discontinuous finite elements model [41] of the ring-
stones in a masonry arch. This model was selected 
because the formula for plastic analysis (or mechanisms) 
applied to masonry arch structures can be defined in terms 
of the thrust line, whereby the failure of the structure 
occurs when the thrust line touches the boundary of an 
arch that forms joints at a sufficient number of points 
to convert the element into a mechanism. Livesley 
[42] and Gilbert [43] used discrete formulations in 
which the model consists of a series of rigid blocks to 
idealise the behaviour of arch voussoirs. As stated in Lorenzo et al 136
the methodology section of this paper, the problem can 
be stated in equilibrium or kinematic terms and can be 
resolved by linear programming in many cases. 
The discontinuous model (micro-model) was built 
using the precise geometry of each voussoir obtained by 
photogrammetry of the deformed masonry arches. The 
interfaces are in direct contact between the units of stone 
with no mortar in the joints, and they do not transmit 
tension. The failure load can be estimated from the 
load-displacement diagram (or the separation between 
voussoirs), which can be obtained by varying the loads 
in an iterative process by determining the peak load. 
A finite element discretisation was performed for each 
voussoir and each load level analysed, and the stress 
distribution was obtained inside and at the interfaces.
The main result of the photogrammetric process was 
a CAD wireframe model in which each voussoir was 
separated into an individual unit. Each voussoir was 
exported to STEP format and subsequently imported into 
mechanical design software (Catia V5). The solid model 
of each voussoir was generated independently while still 
considering the width defined for the calculated arch ring. 
The complete arch model was formed by assembling the 
individual voussoirs and defining the material properties 
and constraints at the contact interfaces. An FEM stress and 
strain analysis was performed in Catia V5’s ‘Generative 
Structural Analysis’ module. The contact points between 
the voussoirs were modelled with constraints that allowed 
only for transmission of compressive stress (with infinite 
compressive strength of the masonry). There was no sliding 
between voussoirs, there was no tensile strength at the 
voussoir interfaces, and there was no fill at the joints; the 
masonry deformed elastically, and arch ductile behaviour 
was assumed under a monotonic load variation.
Each individual model voussoir was discretised into 
finite elements. Ten-node parabolic tetrahedrons were 
generally used. The analysis module allowed for three 
degrees of freedom (translation) per node, which reduced 
computing time at the expense of somewhat reducing 
the calculation accuracy (specifically the stresses and 
strain in the voussoirs). The contact defined between the 
voussoirs allowed for the connection of a finite element 
mesh node with the face of a contiguous element.
Figure 3 shows a micro-model of an arch geometrically 
modelled by photogrammetry and converted into an 
FEM. This model represents the distribution of stress 
after structural analysis with hinge formation.
Figure 3. Distribution of stress and aperture of hinges 
during the formation of the collapse mechanism in the 
arch under study [44].
3.4.  Building measurement based on CaM DisT 
system
The façade dimensions of buildings under construction 
are usually determined by direct methods that are time 
consuming and risky, so indirect measurement methods 
are preferable. The CaM-DisT is a measurement system 
that was developed and patented by the University of 
Vigo [45]. It consists of a digital camera and a laser 
distance metre mounted on a specially designed support. 
This aluminium support allows the practitioners to 
independently set the orientation of the distance metre 
with respect to the camera to obtain the dimensions of 
objects. Practitioners interface with the measurement 
system through a custom software application developed 
for this purpose using C# and XML.
The CaM-DisT system (Figure 4) is capable of obtaining 
both 2D and 3D measurements of buildings by using a 
single image or set of images from different points of view, 
respectively. The distance of the system from the object 
is also known from the laser distance metre. The key to 
single image photogrammetry is to provide additional 
information about the view, such as geometric constraints. 
Several authors have generated single image measurements 
using line constraints [46], collinearity, perpendicularity 
and parallelism constraints [47] or vanishing points [48]. 
Depending on the accuracy requirements, it may be necessary 
to build a 3D model from a bundle of images, which is the 
classical photogrammetric approach [20]. The topographic 
support of photogrammetric measurements can be avoided 
by using the CaM-DisT system because photogrammetric 3D Dyna, Edición Especial, 2012 137
models can be scaled using the laser distance metre without 
any contact with the building.  Both 2D measurements and 
the scaled 3D models created with our system allow for the 
creation of an inventory of a building under construction in 
a rapid and straightforward manner.
Figure 4. CaM-DisT measurement system.
When users run the interface program and create a project, 
they are asked to enter the parameters for modelling the 
measurement system, including the distance metre position 
vector relative to the camera’s optical centre and the 
direction vector of the distance metre laser beam relative to 
the camera’s orientation. These parameters become known 
after a system calibration procedure has been performed.  
Three steps are necessary to obtain 2D measurements from a 
single image: image orientation, image scaling to real-world 
coordinates and measurement precision calculation. Image 
orientation is calculated using the vanishing points of two 
directions that belong to the measurement plane to form its 
vanishing line. This vanishing line is then used to calculate 
oriented points. Next, the oriented points are scaled to real-
world measurements using the system calibration and the 
distance read by the distance metre. Finally, the precision 
of the measurement is calculated from the propagation of 
the variances through the measurement process (for more 
information, please see Ordoñez et al [49]).
3D models and measurement can also be obtained with 
the CaM DisT system. If practitioners want to obtain 
3D models, three or more images can be used along 
with every distance obtained by the distance metre. The 
scaled 3D model is obtained through a bundle adjustment 
[20] with the restrictions implied by the laser distance 
metre values. These restrictions are associated with the 
laser point coordinates corresponding to each position 
of the system. Three possible methods were considered 
to calculate these laser point coordinates: 
1.Using stereo vision and the model coordinates of 
the laser points.
2.Using cross-correlation of the laser points in the 
model.
3.Using the transformation between images induced 
by a plane [20], which is the option that was 
implemented in our system.
For more information on this 3D system, please refer 
to  [50].
The CaM-DisT system was tested using two different 
digital cameras, a Canon EOS 10D and a Nikon D200, 
both with a 20-mm focal length lens. A Leica Disto 
Plus distance metre was used to test the system. The 
precision of this distance metre is 1.5 mm. 
Two test groups were considered for the 2D measurement 
system depending on the distance of the system to the 
object to be measured.  The system-to-object maximum 
distance was 10 m in the first group. In this case, 95% 
of the measurement errors were lower than 11 mm 
(3% in relative values). For system-to-object distances 
between 10 m and 40 m, 95% of the errors were lower 
than 50 mm (1.5% in relative values).
We focused on facade measurements to compare 
the results of the 3D approaches. System-to-object 
distances were between 10 m and 30 m. The relative 
error for the 3D model was less than half of that 
obtained in 2D for the planar facades measurements. 
The system developed by the TF1 group consists of a 
digital camera and a laser range finder mounted on an 
in-house-developed support. 3D models are scaled in 
the photogrammetric adjustment by using the distances 
measured with the distance metre, so any contact with 
the building is avoided. In conclusion, the CaM-DisT 
is a very flexible, easy-to-use and accurate system 
that may help to reduce the risks related to measuring 
buildings under construction.
3.5.  Terrestrial laser scanning of masonry arch 
bridges
The orthophotos obtained from the laser scanning 
survey of masonry arch bridges were the source of 
the geometric data used to perform structural analysis Lorenzo et al 138
with a specifically developed methodology [51]. A 
methodology for the stability analysis of bridges was 
developed based on the principles of planar limit 
analysis theory. Riveiro et al. presented the results 
obtained with this methodology for the Cernadela 
Bridge, a mediaeval masonry arch bridge [52].
Before structural analysis of the bridge could be performed, 
it was necessary to survey the structures with geomatic 
techniques. Both photogrammetry and terrestrial laser 
scanning (TLS) are adequate methods to produce 
orthoimages. The procedures for obtaining such a metric 
result in masonry arch bridges are presented in [53].
In general, the use of TLS systems is recommended 
for photogrammetric survey when studying the entire 
bridge geometry due to the amount of data required. 
Both geometric surveys were tested. More than 150 
images were required to construct the geometry of 
the whole bridge in the photogrammetric case, and 
more than 25,000 points were manually recovered. 
Only 10 different scan positions were necessary to 
perform the survey with a TLS Riegl LMS Z-390i [52] 
and complete the automatic acquisition of the entire 
envelope of points that described the bridge shape. 
After collecting the point clouds, they were converted into 
surfaces through a triangulation process. The point clouds 
were filtered and noise was removed from the point cloud 
of the model. The 3D model of the surfaces was textured 
after it had been created. When using photogrammetry, 
the images used for the geometry reconstruction were also 
used as textures for the model. When using TLS, the images 
that were independently acquired from the structure were 
externally oriented relative to the coordinate system of the 
point cloud, so the textures were projected onto the triangles. 
After texturing the models, orthoimages were produced to 
be implemented in the next step of the procedure.
Implementation of geometric data in the structural 
analysis
Once the orthoimages were ready, they were imported 
to an application specifically developed for the stability 
analysis of masonry arch bridges. This module was 
based on the planar analysis of arches according 
to limit analysis theory, and the method was also 
implemented according to the rigid blocks method 
proposed by Livesley [42] using the methodology 
explained in section 3.3. The load-carrying capacity 
of the bridge was estimated based on the failure load 
for the critical arch, in which a load factor is computed 
with equilibrium equations and the criteria for failure 
imposed at the voussoir interfaces.
As already noted, for a pure compression structure to 
be in equilibrium with the applied loads, there must be 
a line that lies entirely within the masonry section (i.e., 
the voussoir’s thickness). Therefore, equilibrium in a 
masonry arch can be visualised with a line of thrust. 
Different collapse mechanisms are analysed for each arch 
based on the bridge’s geometric information and material 
characteristics. These different collapse mechanisms 
(and potential hinges) are a result of the variation in 
the load position. The software produces the value and 
position of the collapse load, and the result is graphically 
illustrated through a line of thrust and potential hinges 
while accounting for the contours of the arch ring.
Orthoimages generated using the previously described 
steps were automatically read by an application 
specially developed for the extraction of arch contours 
(the intrados and voussoir thickness) [51]. The structural 
evaluation can be performed with this accurate source 
of information. Figure 5 shows an example of analysis 
for the second arch of the Cernadela Bridge.
Figure 5. Results of the structural analysis of the second 
arch of the Cernadela Bridge [52].
3.6.  Mobile LiDAR in road inspections
Mobile LiDAR technology can be used in highway-related 
applications, such as conducting traffic sign inventories, 
determining vertical and horizontal clearance, generating 
road network databases, and inspecting road surface 
conditions [54-55]. There are several advantages to the use Dyna, Edición Especial, 2012 139
of mobile mapping technology in highway applications. 
The data acquisition is performed without blocking traffic, 
assuming that the traffic velocity is less than 70 km/h. The 
information obtained from this technology is diverse; a single 
collection can be used for multiple purposes. Moreover, 
because the data can be both collected and processed in a 
short period of time, frequent and repetitive road surveys 
and database updating are feasible and affordable.  Objects 
along roads and highways, such as the road size, traffic signs, 
road centrelines, posters, light poles, potholes, pavements, 
fences, sidewalks, guard-rails, bridges, tunnels, retaining 
walls and overhead wires, are usually represented as clear 
features in the scanning and image sequences. Therefore, 
they can be identified easily and measured interactively to 
build facility management databases. Such data collection 
is often required in the inspection of road surface conditions 
when road surface cracks are located and measured. Current 
MLS systems are unable to perform crack surveys to the 
required level of detail for asphalt maintenance, but in a 
system equipped with laser sensors (usually two), the depths 
between the sensors and the road surface are available as 
relative measurements. If the control data from GPS and INS 
are available, the depth data derived from the laser sensors 
can be integrated into the global reference system and used 
to generate a digital road surface model (DRSM), which 
provides a geometric description of the road surface. The use 
of two LiDAR heads increases the achievable resolution and 
offers the flexibility of collecting data at a higher resolution at 
similar vehicle speeds or of maintaining the same resolution 
but collecting the data at higher vehicle speeds.  The end user 
can also take advantage of the following other final products: 
1. 3D-routes and topologically connected road 
graphs that are compatible with the most common 
geographical information systems. 
2. Geo-referenced images acquired with the video 
system in JPEG or AVI format and used in the post-
processing phase, which are also delivered to the end 
user for virtual inspection of the road network. Virtual 
inspections through movie consultations are highly 
regarded by public administration because they allow 
for fast and easy checks of a road network’s status. 
3. Road cross sections surveyed with a laser scanner. 
The resulting sections have an angular and distance 
range at a certain step that is variable by vehicle 
speed and the type of laser used. The clouds of scan 
points are geo-referenced. 
4. Digital terrain models, especially for rapid volume 
determination. 
5. 3D city models with detailed façade and street level 
information. 
3.6.1.  Mobile LiDAR at Vigo University
Vigo University purchased an Optech Lynx system in 
October 2011 using financial support from the SITEGI 
project, a public-private partnership with the companies 
Extraco SA, Misturas SL, Enmacosa SA, Lógica SL 
and Ingenieria Insitu SL. The system is a part of a road 
management system that will improve the maintenance 
efficiency of Spanish roads in the coming years.
The Optech Lynx system integrates a GPS/INS 
navigation system from Applanix (POS 520 - 2 
GPS antenna), 2 LiDAR scanners from Optech and 
4 digital cameras from Jai (BB 500GE). The metric 
characteristics of the Lynx system are as follows:
-  Maximum range: 200 m
-  Minimum range: 1 m
-  Range precision: 8 mm (1 σ)
-  Absolute accuracy: 5 cm (1 σ)
-  Scan frequency: 80 – 200 Hz
-  Scanner field of view: 360º
-  Laser measurement rate: 75 – 500 kHz
The mobile LiDAR survey started and finished with the 
acquisition of 5 min of GPS data in an area with a small 
PDOP (high GNSS precision). The synchronisation of 
the data from the different sensors of the mobile unit was 
achieved using the time stamp and the PPS of the GPS/
INS system. The data processing was performed using 
Applanix POSPac and Dashmap software. Applanix 
POSPac corrects the GNSS information using a RINEX 
file from a base station. In addition, it uses a Kalman filter 
to combine the data from the GNSS with those obtained 
from the inertial navigation system (INS) and the distance 
measurement indicator (DMI). The corrected trajectory 
file has a precision that is typically better than 2 cm in 
X-Y and better than 4 cm in Z. Dashmap combines the 
range and angle information obtained from the Optech 
scanners with the trajectory information from PosPAC. 
The point cloud obtained from this procedure is managed 
using software such as QT Modeller (Figures 6 – 7).Lorenzo et al 140
 
Figure 6. Point cloud of O Folgoso 
tunnel on the A-52 highway (Spain).
 
Figure 7. Coloured point cloud of a road highway 
underpass.
 
Figure 8. Thermographs of the façade under study acquired at three different angles.
3.7.  Thermographic 3D Modelling of Built-Up 
Construction 
3.7.1.  Thermographic Surveys 
According to the standards for the use of thermography 
in building inspection [56], a thermographic survey 
should be performed under conditions that maximise 
the indoor-to-outdoor temperature difference and 
therefore optimise the detection of defects such as 
heat loss and humidity due to the presence of heat flow 
in or out of the building. Thus, the perfect times for 
measurement are either at midday, when the outdoor 
temperature reaches its maximum and the indoor 
temperature is usually colder, allowing for the detection 
of incoming heat, or at the beginning of the day in 
winter with the heaters turned on, allowing for the 
detection of incoming cold air. From a metric point of 
view, thermographs must be acquired from a position 
forming an approximate angle of 25º with the normal of 
the inspected wall to avoid angle effects and minimise 
reflections from the radiation of nearby objects [57].
3.7.2.  Thermographic 3D Modelling Applying 
Photogrammetry Techniques 
The survey included the measurement of ambient 
conditions, temperature and relative humidity so that the 
effect of the atmosphere in the received radiation could 
be corrected. Some points of the façade were measured 
with a contact thermometer to use as a reference for 
correcting possible deviations in the thermographic 
measurement [57]. In this way, thermographs could 
be analysed not only by qualitatively looking for 
thermal defects but also by quantitatively measuring 
temperatures.
The current type of survey used, in which a 
thermographic 3D model is generated directly from the 
thermographs by applying photogrammetry techniques, 
was applied to the main façade of a building at the 
University of Vigo for subsequent modelling. The 
principles of convergent multistation bundle block 
adjustment were followed from a photogrammetric 
point of view, so the survey included the division 
of the façade into areas, called models, with a 50% 
overlap between successive images to connect the 
models and form a complete model of the façade 
[44]. Each model was formed by 4 thermographs, 
as shown in Figure 8: two thermographs were taken 
from a position perpendicular to the façade and two 
thermographs were acquired at angles of 45º and 135º. 
The first thermographs were used for texturing the 
model, while the angular thermographs were used to 
compute the coordinates of the intersection point for 
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Processing included conversion of the images from 
their thermographic format to an image format, which 
involved analysis of the temperatures present so that 
the represented temperature interval could represent all 
temperatures. The temperature interval went from 0ºC 
to 40ºC in the case under study (with colours going from 
black to dark blue, blue, green and white for the highest 
temperature). The models were then processed using a 
digital photogrammetric platform (e.g., Photomodeler 
Pro ®), including image orientation, model scaling, 
point restitution, and surface modelling. The precision 
of the model depends mainly on the skills of the operator 
performing the point marking but also on the thermal 
resolution of the images, which can make the accurate 
identification of the points to mark easier or more 
difficult. The results of the case under study can be found 
in Table 1. Because the model was directly generated 
from the acquired thermographs, a thermographic 
texture was applied and resulted in a thermographic 3D 
image that included not only thermal but also geometric 
information, allowing length and surface measurements. 
A detail of this model can be observed in Figure 9.
Table 1. Precision values for the thermographic 3D 
modelling of the façade.
Error in point marking
máx average mín
RMS 15.857 píx. 3.144 píx. 0.005 píx.
error 28.563 píx. ------- 0.006 píx.
Precision in computation of points position
Vector 
lenght
0.519 m 0.165 m 0.0543 m
x 0.443 m -------- 0.031 m
y 0.268 m ------- 0.0332 m
z 0.17 m ------- 0.0274 m
  
Figure 9. Detail of the thermographic 3D model of the façade.
3.7.3.  3D Thermography By Combining Laser 
Scanning With Thermographic Techniques 
This approach involved the combination of 
thermographic images with point clouds acquired by 
a laser scanner, as described in [57], resulting in a 3D 
model on which thermal analysis could be performed. 
This analysis included the detection of defects such 
as thermal bridges, damp areas and air leaks, as well 
as measurements of the affected lengths and surfaces.
Once the thermographic images were pre-processed 
as previously explained, the acquired point cloud was 
processed as described in [52] with data cleaning, data 
filtering and triangulation to obtain a solid 3D model 
(Figure 10).
The registration of thermographs with the point cloud 
consisted of marking the corresponding points between 
the point cloud and each thermographic image and 
projecting the thermograph onto its corresponding 
surface in the point cloud. A minimum of 6 point pairs 
were needed in the first step for the computation of 
orientation parameters for the rotation matrix and the 
translation vector, although it was found that 10 or 11 
points substantially improved the registration (Table 
2). This registration is commonly performed manually, 
although process automation is recommended, as 
performed in [58], to avoid human error.
Table 2. Analysis of deviation in the registration of a 
thermograph.
The resulting thermographic 3D model of this 
procedure applied to the façade of a building can be 
observed in Figure 11.Lorenzo et al 142
Figure 11. Thermographic 3D model of a building façade. 
High temperatures appear in white, and decreasing 
temperatures appear in red, yellow, green and dark green. 
3.8.  Laser scanning to create existing energy BIMs 
(eeBIM)
Building Information Models (BIM) are becoming a new 
paradigm for as-built data collection because they are 
an optimal solution for coordinating and integrating the 
geometric representation of a 3D domain with descriptive 
data [59]. The opportunities for using BIM-based energy 
modelling in existing buildings are supported by agencies 
such as the General Services Administration (GSA) 
through its National 3D-4D BIM program [60]. This 
program leads and encourages the development and use of 
BIM as an energy-efficiency tool in building management. 
Laser scanners are increasingly being accepted in the 
architecture, engineering, construction and facility 
management (AEC/IFM) industry for their ability 
to provide accurate representations of facilities in a 
reasonably short period of time. Figure 12 shows the point 
cloud of four small buildings acquired with a Riegl LMS-
Z390i Laser Scanner. Despite the fact that point clouds 
represent the shapes of buildings’ real states, they must be 
processed and converted into a small number of parameters 
that define the BIM components. This conversion is not yet 
an automatic process due to the relatively new introduction 
of BIM in reverse engineering [61].
 
Figure 12. Point cloud of four small buildings.
The geometric requirements are usually set by the 
destination of the BIM and are different based on the 
application, which could be the preservation of a historic 
building, a renovation plan or an energy analysis study. 
Only basic geometry extraction is required for the latter, 
in which case the boundary conditions of the main 
building elements such as the walls, openings, roofs 
and floors are the only inputs needed. These particular 
requirements have motivated the establishment of a 
methodology for the automatic generation of eeBIMs 
(existing energy BIMs) to extend the use and application 
of energy analysis to existing buildings. 
The standard selected to generate eeBIMs was gbXML 
because it was developed to be used exclusively in 
energy simulation domains.  In terms of geometry, the 
gbXML accepts only rectangular shapes, which makes 
the simplified geometric modelling of building elements 
sufficient for energy analysis [62]. This simplification 
is such that the conversion process from point cloud 
to eeBIM elements requires only the identification of 
the different surfaces and their boundary points, i.e., 
the Cartesian coordinates of the four corner points that 
delimit each element.
In the first step, the point cloud is segmented through 
a curvature study of the surfaces and the normal vector 
of each point that has been calculated by a principal 
component analysis using the covariance method 
presented in [63]. Once the points have been classified in 
groups of points belonging to different surfaces, a fitting 
plane is calculated using the iterative RANSAC method 
[64]. The next step is the intersection of the different 
planes to obtain the points that define the different 
elements. This method can also be extended to include 
the modelling of shades in the environment. The resulting 
eeBIM can be introduced into energy analysis software, 
e.g., Ecotect© (Figure 13) or Trnsys ©. 
Figure 13.View of the eeBIM of one of the small 
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4.  GENERAL THOUGHTS ABOUT THE TF1 
RESEARCH GROUP’S WORK 
The previous sections have demonstrated the successful 
application of geomatic methods into the field of 
construction engineering. In the beginning, TF1 
researchers started applying surveying methods not 
only as alternative tools for the metric reconstruction 
of structures and buildings but also as media for the 
incorporation of additional information into the metric 
documents generated, such as textural information or 
even the combination of photogrammetry and GPR 
to determine the homogeneity of structures’ internal 
materials.
The evolution of the group, reinforced by the experience 
achieved in recent years, gave the researchers new 
goals. It is also important to note the close relationship 
of this group with the civil and mechanical engineering 
fields because the researchers belong to the Schools 
of Mining Engineering and Industrial Engineering at 
the University of Vigo. The researchers’ proximity 
and daily contact with construction engineering issues 
determined the direction of TF1 research.
The group perceived a clear evolution of geomatics 
related to temporal components, not only in the global 
performance of the technique but also motivated 
by the productivity of the results demanded by the 
construction field. The success of photogrammetry and 
laser scanning in the metric documentation of buildings 
and structures has arisen due to the accuracy of the 
methods employed. GPR and infrared thermography 
have also proven to be very useful for the material 
characterisation of construction projects in general. 
However, when a built-up structure is evaluated, it 
must continue to be monitored over time. These 4D 
monitoring requirements necessitate adequate methods 
that can guarantee the correct matching of data from 
different periods.
The most important aspect of the research is related 
to the improvement of productivity during geomatic 
surveys. Mobile-based technologies have entered 
the market in recent years and have been particularly 
important to laser scanning. Although the final product 
(the point cloud) is the same as that produced in 
static mode, the performance during data acquisition 
is significantly better. Not only can geometric data 
be recorded through the LiDAR subsystem, but 
photogrammetric, thermographic and GPR data 
can also be integrated into the mobile unit because 
of the characteristics of this new technology. This 
integration is achieved not only by the geometric 
calibration of offsets but also by guaranteeing the 
temporal synchronisation of data acquisition through 
the different geomatic sensors involved.
One of the most relevant achievements obtained by 
the TF1 Group is related to the integration of several 
techniques to obtain complete and realistic models 
that cannot be achieved by using the same methods 
independently. The accurate geometric reconstruction 
of visible parts of structures can be integrated with 
the inner information provided by GPR. These 
methodologies open new horizons for the inverse 
modelling of built-up structures to aid in the evaluation, 
monitoring and maintenance of such structures.
It should be noted that the selection of a method for 
geometric reconstruction is not a trivial decision because 
the environment will dictate the method that best fits the 
project requirements, not only in terms of results but 
also because of restrictions in building access. In this 
sense, photogrammetry is very effective when the range 
of measurement is relatively short (less than 10 m) 
because the levels of accuracy are significantly higher 
than those obtained with laser scanning. Additionally, 
photogrammetry becomes more useful when there are 
budget limitations  because low-cost methodologies 
such as those presented in some of the case studies 
are more affordable when there is limited funding. The 
main problems with photogrammetry are related to 
processing costs  because it is so time-consuming and 
costly. Laser scanning appears to be the ideal solution 
when massive amounts of data must be acquired 
quickly, the range of measurement is high and access 
to the construction site is restricted. Predictably, the 
main disadvantage of such technology is related to the 
high cost of equipment.
5.  CONCLUSIONS 
The experience gained by the Close Range Remote 
Sensing and Photogrammetry Group during the last 
decade signals a promising future for geomatics in 
the construction engineering field, which is mainly 
motivated by remote and non-destructive methods for Lorenzo et al 144
conducting metric documentation and the material 
characterisation of built-up structures.
The future of geomatics should make it readily 
adaptable to technology changes over time. The 
methodologies specifically developed for construction 
applications should be flexible enough to incorporate 
new potential implementation opportunities and 
operational requirements. 
These technologies will also respond to new market 
demands quickly. They allow for the dynamic interchange 
of research products between universities and private 
companies; therefore, the knowledge developed will 
have practical applications in many fields.
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